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Triclosan (2,4,4'-trichloro-2'-hydroxydiphenyl ether) is widely used as an antibacterial
agent in various industrial products, such as textile goods, soap, shampoo, liquid toothpaste
and cosmetics, and often detected in wastewater effluent. However, there is a paucity of data
on the toxicity of triclosan and its effects on aquatic organisms. In this study, the acute
toxicity of triclosan to the Microtox® bacterium (Vibrio fischeri), a microalga (Selenastruni
capricornutuny), a crustacean (Ceriodaphnia dubia) and fish (Danio rerio and Oryzias
latipes) was examined. As a result, the Microtox® bacterium, crustacean and fish had similar
sensitivities towards triclosan toxicity (i.e., IC,s from 0.07 to 0.29 mg/L. triclosan). In
contrast, the microalga was about 30-80-fold (IC,s = 0.0034 mg/L triclosan) more sensitive
to triclosan toxicity than the bacterium and fish. Therefore, triclosan is quite highly toxic
to aquatic animals, and is particularly highly toxic to the green alga used as a test organism
in this study. This result indicates that triclosan exerts a marked influence on algae, which
are important organisms being the first-step producers in the ecosystem; therefore, the
possible destruction of the balance of the ecosystem is expected if triclosan is discharged into
the environment at high levels. ‘
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1. Introduction

Various new chemical substances are produced with the advance of science and
technology, and a considerable number of them are discharged to the aquatic.environment,
Triclosan (2,4,4'-trichloro-2'-hydroxy diphenyl ether of a chlorination diphenyl ether
compound), which is widely used as antibacterial agent in various industrial products, such
as textile goods, soap, shampoo, liquid toothpaste and cosmetics, is one of these substances,

Tt is also used as a disinfectant in medical institutions because .of its inhibiting effect on

hepatitis B type virus.®® Triclosan is detected in the drainage discharged following chlorine
bleaching of textile.® It was reported that methylated triclosan was detected in fish and

- shellfish caught in Tokyo Bay and the Tama River.®® In addition, triclosan can be

transformed to 2,8-dichloro-dioxin easily by heating, which is in turn converted to dioxin
upon sunshine irradiation.”* Dioxin and dibenzofuran are detected in fly ash, indicating
that triclosan is accumulated in dust incineration in the Netherlands,®® which has, great
implications given the influence of dioxin on humans.®” Therefore, it is necessary to clarify
the mechanisms of dioxin production, such as processes that lead to the formation of
precursors, and to prevent the discharge of dioxin to environments. However, there is a
paucity of data on the toxicity of triclosan and its influences on aquatic organisms.

The purpose of this study was to determine the acute toxicity of triclosan to the Microtox®
bacterivm (Vibrio fischert), a microalga (Selenastrum capricornutum, now Pseudokirchnere
subcapitata), a crustacean (Ceriodaphnia dubia) and fish (zebrafish, Danio rerio and
medaka, Oryzias latipes). The C. dubia reproduction test is widely used in aquatic
toxicology. This test is known to be one of the most sensitive chronic toxicity tests and
designed for regulating toxic materials in freshwater effluents by the U.S. Environmental
Protection Agency (USEPA) and Environmental Canada. Zebrafish and medaka are
relatively easy to breed in laboratory, and we can obtain their eggs all year round; hatching
occurs approximately 2 and 9 days, respectively, after fertilization; the duration from

fertilization to yolk absorption by the larvae is about 7 days.!® The early life stage toxicity .

test using zebrafish and medaka is considered to be a sensitive biosensor for mammalian
teratogenicity.!*!9 The algal test using S. capricornutum is required to evaluate toxicity to

photosynthetic species and is standardized as well.(5-1® The Microtox® test is a simple, rapid -

and relatively inexpensive aquatic toxicity test that provides results that can be used as an
indicator of toxicity measured by prescribed legal tests such as the acute lethality rainbow
trout and daphnia assays.®-?¥ We conducted an algal growth inhibition test, a water flea
reproduction test, an early life stage toxicity test on two species of fish, and a Microtox® test.
From the results of our tests we could clarify the toxicity of triclosan to the aquatic organisms
tested. '

2. Materials and Methods
2.1 Test chemical

Triclosan was purchased from Sigma Chemicals (St. Louis, MO, USA), and was
dissolved with methanol.
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2.2 Biological test
2.2.1 Microtox® test

Reagents, a freeze-dried bioluminescent bacterium V. fisheri (formerly known as
Photobacterium phesphereum, NRRL number B-11177), and other required test solutions
(dilution water, reconstruction buffer, osmotic adjusting solution) were purchased from
Azur Environmental (Carlsbad, CA, U.S.A.). The experiment was carried out in accordance
with the test conditions and operating protocol of the Microtox® acute toxicity test

“method.®® Luminescence was measured with-a Microtox® Model 500 photometer (Azur

Environmental) in the acute mode. Various concentrations of triclosan solution (0.9, 0.45,
0.23, 0.11, 0.056, 0.028, 0.014, 0.007, 0.0035 and 0 mg/L) were prepared as test solutions
in duplicate.

2.2.2 Early life stage toxicity test using zebrafish and medaka

Breeding conditions and maintenance procedures were carried out in accordance with
those described by Piron.!" Bloodstock fish were fed twice with Tetramin (Herrenteich,
Germany) and once with live Artemia each day. After breeding, the fish were moved to stock
aquaria, separating males from females. Eggs at the blastula stage were collected approxi-
mately 4 h after fertilization. They were rinsed to remove fecal matter and were transferred
to 50-ml glass flasks containing 40 ml of triclosan solution. Various concentrations of
triclosan solution (zebrafish; 0.5, 0.25, 0.125, 0.0625 and 0 mg/L,, medaka; 1.25, 0.63, 0.31,
0.156, 0.0781 and 0 mg/L.) were prepared in triplicate. Control flasks filled with water that
was prepared by charcoal filtration were also used in each test. The test solution was
provided with a sufficient amount of oxygen, and adjusted to pH 7.0£0.5 with NaOH or HCL.
Water hardness was maintained at 200 mg/L CaCO,. Dilution water (40 ml) was added to
each flask, and 20 eggs were placed in each flask. During the test period, 80% of water in
each flask was replaced every day. Live eggs were counted daily. The eggs were incubated
in a climate chamber at 25+1°C and a 16-h light/8-h dark photoperiod. The fry were not fed
during the test period, which was terminated more than 9 days (zebrafish) and 14 days
(medaka) after hatching, when all of the fry had died.®

2.2.3 Green algal growth inhibition test _

S. capricornutum Printz (NIES-35 strain) was obtained from axenic unialgal cultures in
the National Institute for Environmental Studies (NIES), Tsukuba, Japan. Conical flasks (50
ml) covered with silicon caps (Shin-etsu Chemical Co., Ltd., Tokyo, Japan) were used for
the culture and assay. They were shaken automatically at AOO rpm at 24£1°C under
illumination at 4000 (£10%) lux. To obtain a preculture, a 0.1-ml aliquot of stock culture
was inoculated into a 50-ml flask containing 20 m! of growth medium C,®® and then
incubated for 3 days. An equal amount (0.1 ml) of the precultured alga was added to a freshly
prepared 20-ml medium C to obtain algal samples at the same growth phase. After 48-h
incubation, 1 to 5 ml of the cultured alga was added to medium C. The final volume was
adjusted to 20 ml, which contained 4x10* cells/ml. The flasks containing 20 ml each of test
solutions at various triclosan concentrations were prepared for the assay. Triclosan solutions
at ten concentrations (40, 20, 10, 5, 2.5, 1.25, 0.63, 0.31, 0.16 and 0 ug/L) were prepared in
triplicate. At the start of the assay, 1 ml of the precultured alga was inoculated into each flask.
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After 72 h, cell density was measured using Coulter Counter ZM (Coulter Electronics Ltd.,
Fullerton, CA, U.S.A.). The rate of growth inhibition was calculated by dividing the number
of cells in cultures containing triclosan at various concentrations by that in the untreated
control culture. Comparison of regression lines was performed statistically according to the
method of Sokal and Rohlf.®"

2.2.4 Ceriodaphnia dubia reproduction test

* C. dubia was cultured and maintained at 25 + 1°C under a 16-h light/8-h dark
photoperiod. The water used for C. dubia culture was a mixture of 33% Evian water (Calpis
Co., Ltd., Tokyo, Japan) and 67% Volvic water (Mitsubishi Co., Tokyo, Japan) (v/v), which
are commonly marketed as mineral water in Japan. This mixture was used in order to
stabilize the water quality of test solutions, such as water hardness. S. capricormutum culture.
(0.3 ml; 4 X 104 cells/ml) and 0.3 ml of YCT (a mixture of yeast, Cerophyll, and trout chow
used as food for C. dubia)®? were added to each 400-ml culture beaker every day.

Survival and reproduction tests on C. dubia were continued for 7 days in accordance with

the methods proposed by USEPA.@ The percentage of living adults and the mean number
of young produced by a female were calculated. Test medium with seven concentratic of
triclosan (1, 0.5, 0.25, 0.125, 0.0625, 0.0313 and 0 mg/L.) were prepared along with the
diluents and control vehicle. Dilutions were made with fresh culture water. Ten replicate
glass chambers (50 ml), containing one neonate born within 24 h, were used for each test
concentration. These chambers were tightly closed with Teflon caps to prevent volatiliza-
tion of test chemicals. The medium was renewed daily. Water quality was analyzed every
day. Water hardness, pH and dissolved oxygen were 110 mg/L CaCO;, 7.0 to 7.5, and 80%
t0 99%, respectively. Temperature was maintained at 24 + 1°C. Testing was continued until
60% of the control animals had completed three broods (usually 6 to 7 days). For a test to
be valid, we required more than 80% survival rate of control animals and > 15 offspring per
female over the 7-day test period.

2.3 Statistical analyses

Test results were analyzed statistically by hypothesis testing. The data were first tested
for normality and homogeneity of variance. Dunnett’s method®-3D was employed to
compare the treatment mean with the control mean to determine IC,5 (the inhibiting
concentration at which a reduction of 25% in survival or reproduction was observed), which
was commonly used as the endpoint.?® The curve fitting method was used to calculate IC,,
and ICs, from the data. When the data were insufficient in terms of normality and
homogeneity, Steel’s Many-one Rank Test was used in the test for chronic toxicity to C.

. dubia.®

3. Results and Discussion

Triclosan is widely used as an antibacterial agent in industrial products and is discharged
to the environment. There is, however, a paucity of acute and subacute toxicity data of
triclosan to aquatic organisms.

The Microtox® test, a bacterial bioluminescence inhibition test, which was developed by
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the Microbics Company (now Azur Environmental, Co., Ltd., Carlsbad, CA, U.S.A.), takes
advantage of the phenomenon that toxins reduce the Juminescence of luminescent marine
bacteria. It was recommended in an USEPA-American Society for Testing and Materials
(ASTM) document, and is used worldwide,®? because it is easy to obtain consistent data
with this test. In this study, we investigated the acute toxicity of triclosan using the
Microtox® test. The results of the Microtox® test after a 15-min exposure are presented in
Fig. 1 and Table 1. The IC,5 value of triclosan was 0.07 mg/L.. We also assessed the effects

- of triclosan on aquatic organisms, namely, a microalga (S. capricornutum),a crustacean (C.

dubia) and fish (D. rerio and O. latipes). The results of the chronic toxicity tests are shown
in Fig. 1 and Table 1. All results of the tests were plotted on a dose-response curve and the
standard error was very small. The IC,; values of triclosan for S. capricornutum, C. dubia,
D. rerio and O. latipes were 0.0034, 0.17, 0.16 and 0.29 mg/L, respectively. Orvos et al.®®
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Fig. 1. Effects of triclosan on Microtox bacterium, growth of a green alga (S. capricornutum),
reproduction of C. dubia, and survival of zebrafish (D. rerio) and medaka (O. latipes). Each value

represents the mean + S.E.
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Table 1

Suminary of IC,s and IC,, from the battery of five biological tests.

Test organism IC,5 (mg/L) ICs, (mg/L)
Microtox 0.07 0.15
Selenastrum capricornutum 0.0034 0.0047
Ceriodaphnia dubia 0.17 0.22

Danio rerio S o 0.16 022

Oryzias latipes 0.29 0.40

studied the aquatic toxicity of triclosan using activated-sludge microorganisms, algae,
invertebrates, and fish. The 48-h median effective concentration was 0.39 mg/L for Daphnia
magna and the 96-h median lethal concentrations for Pimephales promelas and Lepomis
macrochirus were 0.26 and 0.37 mg/L, respectively. Foran et al.®® also reported that the 48-
h LGy, for medaka fry was calculated to be 0.35 mg/L. Results of the present study are
consistent with these results. :

Our results showed that the bacterium, crustacean and fish had similar sensitivities
towards triclosan toxicity in this study. In contrast, the microalga was 30-80-fold more
sensitive to-triclosan toxicity than the bacterium and fish. The sensitivity of the tested
aquatic organisms to triclosan was in the order of green alga > bacterium > zebrafish > water
flea > medaka. These results show that triclosan affects all the organisms (Cy) ata
- concentration less than 0.3 mg/L. Therefore, triclosan is highly toxic to the aquatic animals,
and is particularly highly toxic to green alga used as a test organism in this study. Triclosan
is frequently found in wastewater effluent. Analyzed samples from Rhode Island were found
to contain 10-20 g/l triclosan in effluent and 80-100 pg/g triclosan in sediment near the
outfall of a wastewater treatment plant.®® Tanishima and Takada also detected 577 ng/L
triclosan in wastewater treatment plants in Japan.®® Moreover, the U.S. Geological Survey

used five newly developed analytical methods to measure concentrations of 95 chemical -

compounds (such as pharmaceuticals, hormones, and other organic wastewater contami-
nants) in water samples from a network of 139 streams across 30 states from 1999 to 2000
to provide the first nationwide survey of the occurrence of organic wastewater contaminants
in water resources.®” In this study, triclosan was one of the most frequently detected
compounds, and the concentration of triclosan exceeded the maximum allowable contami-
nation level of 2.3 ug/L. These results indicate that triclosan exerts a significant influence
on algae, which are important organisms being the first-step producers in the ecosystem;
therefore, the possible destruction of the balance of the ecosystem is expected if triclosan is
discharged into the environment at high levels. It is difficult to accurately evaluate the risk
posed by triclosan to the environment, because many aspects of the dynamic state (the fate)
of triclosan in the environment have not been clarified to date. However, we need to
minimize the guantity of triclosan discharged to the environment, because this substance
exerts influence on various organisms at a very small quantity.
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